Introduction 4
The therapeutic technique of cooling commonly used for the treatment of musculoskeletal conditions and 5 recovery in sport is widely debated 1, 2, 3 . Deliberation around when athletes may return to activity safely, 6
following local cooling applications is recognised 1, 2 , in consideration of potential neuromuscular deficits 4 . 7
Although methodological differences reduce the strength of consensus across current studies in this area. 8
Within sporting situations, cryotherapeutic application is often associated with pitch-side or half time 9 management of injuries to induce analgesic responses 2 . Other known physiologic effects include; reduced 10 cellular metabolism 5 , receptor firing rate 6 nerve conduction velocity 7 and inhibition of muscle spindles 8, 9 , are 11 well-reported 2, 3 . Reduction of tissue temperatures through local cryotherapy applications occur through contact 12 of cryotherapeutic modalities via skin surface initially, to achieve physiological responses 10 . A therapeutic skin 13 surface temperature (Tsk) target range of between 10-15°C is essential to initiate those essential responses in 14 order to aid acute injury management 11 . Modalities of cooling differ in thermodynamic properties and therefore 15 cooling efficiency 10 . Efficient in phase change, modalities such as crushed or wetted ice noted numerously 16 throughout cryotherapy literature as the most efficient for inducing physiological changes 12, 13, 14 . The known 17 effects of cryotherapy on performance and re-injury/further injury risk lack consensus, with methodology 18 difficult to compare outcome measures across studies. Previous studies discuss changes in muscle force 19 depending on cryotherapy location and report increases, decreases or no change 8, 15, 16, 17 . Emerging literature 1 
20
recognised the importance of further study in muscle strength response post local cooling application, 21 applicable to sporting situations. 22
Although rate of temperature change between modalities presents fluctuations the consensus agrees on a 23 relationship existing 12 ; that being, a highly significant quadratic association between Tsk and intramuscular 24 . These conclusions were drawn based on measures of ultrasound shear wave 33 elastography and myoelectrical activity, no output measures of strength were ascertained. It is important to 34 note that the changes in dynamic contractile force were strongly related to muscle stiffness, which resulted in 35 acute change in muscle mechanical properties after air-pulsed cryotherapy intervention 1 . The authors propose 36 this may reduce the amount of stretch able to sustain by the muscle without resulting in injury. The evaluation 37 of muscle strength with isokinetic dynamometry (IKD) is commonly utilised in research due to its high test-38 retest reliability 24 . Measurements of peak torque (PT) and average torque (AvT) to establish muscle function 39 can determine reductions post fatigue protocols 25 . Strength deficits can have implications on knee stability 40 during performance 26 .
41
Significant reductions in PT and AvT quadricep strength compared to baseline measurements following a 20-42 minute crushed ice application to the knee, which did not fully recover at 20-minutes post cooling intervention 43 in a recent study 27 . The authors suggest reductions in concentric strength can still occur therefore, even when 44 indirectly cooled distal to the muscle belly 27 . Due to no anterior thigh cooling in the previous study, we cannot 45 allude as to whether differences occur regarding cooling location and severity of effects on muscle concentric 46 strength in the lower limb. The dominant limb for testing chosen due to regularly being the limb used to kick in land-based sports and 76 determined by which leg the participant naturally chose to kick a football with 29 .
77
Following gold-standard recommendations in current literature 18, 19 , Tsk data using an infrared thermal imaging 78 Following baseline Tsk data collection, a measure of concentric quadriceps muscle strength determined baseline 91 strength data using an isokinetic dynamometer (IKD) (Cybex, division of Lumex Inc., Ronkonkoma, NY, USA) 92 chosen due to high reliability (0.9-0.98) 24 . A 10-minute wetted ice application either to the anterior thigh or5 knee region followed 2 , depending on allocation of group. Previous research surrounding cooling techniques 94 recommends use of wetted ice 12,13,14 . Therefore, the protocol for wetted ice intervention consisted of 800ml of 95 cubed ice and 800ml of room-temperature water; then placed into a clear polythene bag size of 22x40cm, with 96 the excess air removed and secured with a knot 13 . The bag of wetted ice held in place securely to the limb with 97 a cling-film wrap, and between skin and the wetted ice bag, a placement of a thin, damp microfiber towel for 10 98 minutes at either anterior thigh or knee 11, 30 . 99
In the same format at Tsk, IKD data was collected immediately post intervention and at 10 minute intervals up 100 to 30 minutes post for each group as recommended in a previous study 27 . Between isokinetic measures 101 participants were asked to long sit on a plinth. Previous research within isokinetic testing advocates the use of 102 a range of testing speeds 25 . The gravity corrected torque-angle curve was analysed for each testing speed, with 103 analysis restricted to the isokinetic phase. PT, the corresponding angle (Ɵ), and AvT across the isokinetic phase 104
were identified for each player, at each testing speed application and isokinetic testing speed. Significant main effects in recovery duration were explored using post 117 hoc pairwise comparisons with a Bonferonni correction factor. The assumptions associated with the statistical 118 model were assessed and met to ensure model adequacy. To assess residual normality for each dependant 119 variable, q-q plots were generated using stacked standardised residuals. Scatterplots of the stacked 120 unstandardized and standardised residuals were also utilised to assess the error of variance associated with the 121 residuals. Mauchly's test of sphericity was also completed for all dependent variables, with a Greenhouse 122 
Discussion 160
The current study reports the effects of anterior thigh and knee cooling on PT and AvT isotonic strength of the 161 quadriceps in males and females over a rewarming period. Previous studies have traditionally cooled over the 162 exercising muscle 13 and others only the distal joint 32 or simultaneously 4 , to our knowledge no study compares 163 both. It is unclear however as to the extent of positive or deleterious effects of local cooling at different locations 164 over the peripheral lower limb on the mechanical properties of muscle strength, with literature failing to reach 165 a strong consensus. Results demonstrate reductions in PT and AvT concentric quadriceps strength in males and 166 females, of which did not fully recover to baseline at 30 minutes post cryotherapy intervention. Findings from 167 the current study agree with 1, 2, 27 , but also refute 16,17 some evidence. It is problematic however to copiously 168 compare results directly, because of the variability in testing protocols across available literature. Notably, 169 current findings report the need for further enquiry into the immediate and latent effects of common 170 cryotherapeutic applications used pitch side in sport with varied dosage applications on muscle strength. 171
To mimic closely common applications of cold applied pitch-side or at half time during competitive sport, 172 duration of wetted ice followed a 10-minute dosage in the current study 34 . Although contrasting to longer 173 dosage protocols 3,8,9, the decision supports the recommendation for investigations in cryotherapy to replicate 174 simulated play and helps understand the extent of effects induced by cryotherapy applications in sporting 175 . Assumed putative changes in global viscoelastic and 219 myoelectrical activity initiated by lower temperatures may be factors that contribute to the reduction noted in 220 isotonic PK and AvPK in the current study, supporting previous suggestions 1, 7 . Reduced muscle deformation, 221 passively, have been reported in cold muscles, prior to rupture, following exposure to cold-water immersion 38 .
222
Although consideration that cold-water immersion is more likely to alter properties of multiple structures that 223 cross over the joint including agonists and antagonist muscles, tendons and articular structures 1 . It is difficult 224 therefore to compare directly current results to CWI or air-pulsed cryotherapy modalities directly, on that basis. 225
Conclusion 226
Local cooling over superficial joint or muscles in males and females may result in performance deficits due to 227 reductions in concentric muscle strength. Future studies are essential, in order to establish margins wherebysafe return to sport following cooling exposures to the lower limb. Sports medicine practitioners should 229 consider reductions in strength ability of the quadriceps even after shorter application durations (<20') of 230 wetted ice, and regardless cooling location (joint/muscle) or gender. To advance safe rationale for pitch-side 231 cryotherapy applications, comparison of other commonly applied cryotherapy modalities are necessary and 232 observation of multiple variables that may affect the development of optimum dose duration and return to 233 activity panaceas. 234
